• Whether cumulative stress was associated with poor self-control was examined.
Impulsivity (Blanco et al., 2009; Dawe, Gullo, & Loxton, 2004; Lejuez et al., 2010) , behavioral approach (Franken & Muris, 2006; Hundt, Kimbrel, Mitchell, & Nelson-Gray, 2008; O'Connor, Stewart, & Watt, 2009 ) and behavioral inhibition (Hamilton, Sinha, & Potenza, 2012) are positively associated with addictive behaviors such as substance abuse and pathological gambling. Although impulsivity, behavioral approach and behavioral inhibition each contribute to addictive behaviors, they are distinct constructs that loaded onto separate factors in a principal component analysis (Meda et al., 2009) . Behavioral approach and behavioral inhibition reflect a psychological orientation to rewarding and aversive stimuli, respectively, while, impulsivity reflects a behavioral tendency toward rapid action with diminished ability or willingness to consider future consequences.
Self-control is distinct from these constructs, as it refers to an ability, capacity or willingness to alter one's responses in order to adhere to long-term goals; failures of self-control are implicated in addictive behaviors (Berkman, Falk, & Lieberman, 2011; Monterosso, Piray, & Luo, 2012) . Understanding psychological factors that may impact selfcontrol is critical for public health, given the role of diminished selfcontrol in a broad range of potentially addictive behaviors, including drug abuse (Volkow, Wang, Tomasi, & Baler, 2013) , overeating (Brook, Lee, Finch, Balka, & Brook, 2013; Volkow et al., 2013) , pathological gambling (Bergen, Newby-Clark, & Brown, 2012; Slutske, Moffitt, Poulton, & Caspi, 2012) , online gaming (Kim, Namkoong, Ku, & Kim, 2008) , problem drinking (Visser, deWinter, Veenstra, Verhulst, & Reijneveld, 2013) , and smoking (Wilson & Maclean, 2013) . Higher levels of trait impulsivity, behavioral approach and behavioral inhibition each may impair self-control and increase the likelihood of engagement in addictive behaviors. Taken together, self-control encompasses a broad range of capacities and tendencies, with impulsivity and behavioral approach and inhibition representing constructs that may underlie or relate importantly to self-control.
Stress decreases self-control (Muraven & Baumeister, 2000) , and exposure to stressful circumstances in childhood may influence the development of self-control (Duckworth, Kim, & Tsukayama, 2013; Kempsill & Pratt, 2000) . Stress is experienced when organisms perceive that a challenge exceeds their resources for coping (Baum, Gatchel, & Krantz, 1997; Baum, Grunberg, & Singer, 1982; Baum, Singer, & Baum, 1981) . This perception sets in motion a series of physiological events involving the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system in an attempt to regain homeostasis (McEwen, 2000) . Physiological responses to stressors may alter brain motivational pathways, such as those involving the medial prefrontal cortex, a region implicated in self-control and the inhibition of impulses (Arnsten & GoldmanRakic, 1998; Sinha, 2008) . Repeated stress and increased engagement in addictive behaviors may generate or accelerate neurobiological alterations which further promote diminished self-control, particularly among individuals with greater impulsiveness, and this process could lead stressed individuals to engage in addictive behaviors (Sinha, 2008) . Cumulative stress may increase the risk for multiple addictive behaviors (Sinha, 2008) , which is consistent with associations between cumulative stress and addictive behaviors characterized by poor selfcontrol. The effects of stress on the neurobiology of self-control support the possibility that impulsivity and behavioral approach and inhibition may mediate the relationship between stress and diminished selfcontrol. The relationship between stress and self-control varies among individuals (Job, Dweck, & Walton, 2010; Moller, Deci, & Ryan, 2006; Muraven & Baumeister, 2000; Tice et al., 2007) . Impulsivity, behavioral approach, and behavioral inhibition may contribute to individual differences in the effects of stress on self-control.
Women and men differ with respect to addictions and other behaviors characterized by poor self-control (Desai, Maciejewski, Pantalon, & Potenza, 2006; Williams & Ricciardelli, 2003) . Gender-related differences have been noted in the effects of self-control on gambling (Beaver et al., 2010) , and in addictive processes related to self-control, including drinking behaviors (Holmila & Raitasalo, 2005; Livingston & Room, 2009; Wilsnack et al., 2000) . Similar levels of impulsivity in men and women have been reported (Hamilton et al., 2012; Patton, Stanford, & Barratt, 1995) , although a meta-analysis of impulsivity studies revealed slightly elevated levels of impulsivity in men compared with women (Cross, Copping, & Campbell, 2011) . Taken together, these lines of research suggest that any existing gender-related differences in trait impulsivity are minimal. Gender-related differences have been reported more consistently in research examining behavioral approach and inhibition, with women having higher levels of behavioral inhibition and reward responsiveness than men (Cross et al., 2011; Hamilton et al., 2012; Perry et al., 2013) . Even when assessed as toddlers, girls were significantly more behaviorally inhibited than boys (Smith et al., 2012) . Because there are gender-related differences in dimensions of behavioral approach and inhibition, any mediational effects of the constructs in the relationship of stress and self-control also may differ by gender.
Statistical mediation was used in the present study to examine the roles of impulsivity and behavioral approach and inhibition in the relationships between cumulative stress and decreased self-control. To examine mediation, statistical associations may be used within a cross-sectional sample to determine statistically whether associations with retrospectively assessed stressful life events support theoretically predicted relationships. Although the cross-sectional design does not allow for the examination of stress, self-control, behavioral approach and inhibition, and impulsivity over time, associations among these variables have been established in studies with longitudinal designs (Alloy et al., 2008; Eisenberg et al., 2007; Kempsill & Pratt, 2000; Wardell, O'Connor, Read, & Colder, 2011) . For this reason, it is reasonable to model retrospective reports of stressful life events over the course of the lifespan, as measured in the present study, and examine their relationships to self-control, impulsivity, behavioral approach, and behavioral inhibition. It should be noted that manipulations that decreased self-control may have increased approach motivation in one report (Schmeichel, Harmon-Jones, & Harmon-Jones, 2010) . However, based on the directionality suggested by previous longitudinal studies (Alloy et al., 2008; Eisenberg et al., 2007; Kempsill & Pratt, 2000; Wardell et al., 2011) , and based on the more stable natures of trait impulsivity and behavioral inhibition and approach compared with self-control, which fluctuates depending upon the situation (Muraven & Baumeister, 2000) , we hypothesized that trait impulsivity, behavioral inhibition, and behavioral approach dimensions would influence self-control.
The present research was conducted to determine whether behavioral approach, behavioral inhibition, and impulsivity statistically mediate the relationship between stress and self-control, and whether the relationships are similar or distinct in men and women. Life stress, behavioral approach, behavioral inhibition trait impulsivity, and selfcontrol were assessed in a community-based sample of men and women. Based on previous research in which exposure to childhood stress had a detrimental impact on the development of self-control (e.g., Kempsill & Pratt, 2000) , it was hypothesized that cumulative stress would be associated with decreased self-control. Based on effects of stress on the neural correlates of impulsivity and self-control (Arnsten, 2009) , we hypothesized that self-reported impulsivity would mediate the relationship between stress and self-control. In addition, we hypothesized that behavioral approach dimensions, but not behavioral inhibition, would mediate the relationship between stress and selfcontrol. This hypothesis was based on several studies indicating that behavioral approach moderated the effects of a major stressor on the development of externalizing symptoms, which involve reduced selfcontrol (Colder & O'Connor, 2004; Gudino, Nadeem, Kataoka, & Lau, 2012) . By contrast, behavioral inhibition moderated effects of the stressor on internalizing symptoms, such as those associated with depression and anxiety, which do not generally involve reduced self-control. Based on research in which sex differences were found in BIS and BAS dimensions (Carver & White, 1994; Hamilton et al., 2012) but less consistently so in impulsivity (Hamilton et al., 2012; Patton et al., 1995) , we hypothesized that any observed meditational patterns involving BIS and BAS dimensions would differ in men and women.
Methods

Participants
Five hundred sixty-six individuals (319 women and 247 men) were recruited from the greater New Haven community via advertisements placed either on-line or in local newspapers and community centers. Eligibility was ascertained via an initial phone screen. All participants were required to be between the ages of 18 and 50 years and able to read and write in English to at least a 6th grade level. Exclusion criteria included DSM-IV dependence for any drug other than alcohol or nicotine. Participants using prescribed medications for any psychiatric or medical disorders also were excluded. Participants were administered breath alcohol testing and urine toxicology screens to verify selfreported drug and alcohol information. Participants were required to have normal values on all bloodwork lab results, and were excluded if they tested positive for drugs of abuse other than alcohol or nicotine. 6.3% of eligible individuals declined participation (i.e., refused to participate or dropped out of the study after initially agreeing to participate). All participants gave both written and verbal informed consent and the study was approved by the Human Investigation Committee of the Yale University School of Medicine.
Assessments
2.2.1. The Cumulative Adversity Interview (CAI) (Turner & Wheaton, 1995) This 140-item event interview is a comprehensive measure of cumulative adversity that covers major life events, life trauma and chronic stress. Recent life events are also included. The Recent Life Events section is composed of a checklist of 33 items referring to discrete stressful events occurring in the previous 12 months. These are broadly divided into items referring to exits from the social field (e.g., death, divorce, relationships ending), and undesirable events, both interpersonal and financial (e.g., being attacked, financial crises, robberies). The Major Life Events section includes 11 items relating to social adversities, not typically violent in nature, but which differ from standard life events due to their severity and potentially long-term consequences (Turner & Lloyd, 2003) . Examples of items are parental divorce and failing a grade in school. The Life Traumas section is comprised of 34 items relating to life trauma, witnessed violence and traumatic news. Life trauma includes events which imply force or coercion and include physical, emotional and/or sexual abuse, such as rape and being injured with a weapon. Witnessed violence items involve being present in dangerous or upsetting situations, such as seeing someone get shot or attacked with a weapon. Traumatic news items involve not being present, but instead hearing news about someone else being killed, abused or injured. The Chronic Stress section is composed of 62 items relating to continuous stressors or ongoing life problems. Items refer to longer-term interpersonal, social and financial relationships and responsibilities including work and home environment and relationships with family and significant others. As described previously (Hamilton et al., 2013) , the total score is computed by standardizing each subscale and summing the scores. This approach ensures that each category of events is weighted equally in the final score. In all cases, a higher score relates to a greater number of stressful events.
2.2.2. Barratt Impulsiveness Scale (BIS-11) (Patton et al., 1995) The BIS-11 is a 30-item self-report questionnaire that assesses impulsivity and shows good test-retest reliability (Patton et al., 1995) . In the BIS-11, participants endorse a response on the four-point Likert-like Scales (1 = Rarely/Never, 2 = Occasionally, 3 = Often, 4 = Almost Always/Always) in response to each of 30 items (e.g., "I say things without thinking"). In addition to providing an overall impulsivity score, the BIS-11 also characterizes dimensions of impulsivity with three contributory subscales: attentional, motor, and nonplanning impulsivity. The attentional subscale measures tendencies related to attention and decision-making, the motor subscale measures tendencies to act without fully thinking through consequences of the action, and the non-planning subscale measures tendencies not to plan ahead. The three BIS-11 dimensions are non-overlapping and demonstrate good reliability (Spinella, 2007) .
2.2.3. Behavioral Inhibition System/Behavioral Approach System Scale (Carver & White, 1994) The BIS/BAS Scale measures behavioral inhibition and behavioral approach (Gray, 1972 (Gray, , 1981 . The measure consists of 24 statements regarding behavioral style (e.g., "When I get something I want, I feel excited and energized") with which the participant may indicate agreement or disagreement using a Likert-style Scale (1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, and 5 = Strongly Agree). The BIS/ BAS Scale is both reliable and valid (Carver & White, 1994; Jorm, Christensen, Henderson, & Jacomb, 1998) . The Behavioral Inhibition System (BIS) Scale measures inhibition in response to aversive stimuli, while the behavioral activation system-related subscales assess aspects of behavioral approach. The 3 dimensions of the BIS/BAS Scale are Reward Responsiveness, Drive, and Fun-Seeking. Specifically, the Reward-Responsiveness subscale measures positive responses to anticipated or granted rewards, the Drive subscale measures the pursuit of goals, and the Fun-Seeking subscale measures the spontaneous approach of potential rewards and a desire for new rewards (Carver & White, 1994) .
2.2.4. Brief Self-control Scale (BSCS; (Tangney, Baumeister, & Boone, 2004 ))
The BSCS measures dispositional self-regulatory behaviors using 13 items rated on a 5-point scale, ranging from 1 (Not at all like me) to 5 (Very much like me). Example items are "I am good at resisting temptation" and "I refuse things that are bad for me." Total scores on the BSCS can range from 13 to 65, with higher scores indicating greater selfcontrol. The BSCS is correlated with measures of constructs that have some relevance to self-control, including trait impulsivity and choice impulsivity. BSCS scores were positively correlated with Eysenck Junior Impulsiveness Scale scores and Delay Choice Task scores (Duckworth et al., unpublished data) , and negatively correlated with discount rates on the Kirby Monetary Choice Questionnaire (Farley, unpublished data) in adolescent samples. In adults, BSCS scores were associated with good adjustment, less pathology, better grades, and interpersonal success (Tangney et al., 2004) .
Analyses
Gender-related differences in demographic variables and psychological factors were examined using Chi-square tests. The indirect effects of the models were tested using the SPSS macro for multiple mediatior models (Preacher & Hayes, 2008) . In this macro, linear regressions were employed to test a, b, c, and c′ pathways. The proposed mediators, BIS-11, BIS, and BAS scores, were tested together in one model. The a pathway represents unstandardized beta from the regression of the stress score on the proposed mediators. The b pathway represents the unstandardized path of the proposed mediators on BSCS score, controlling for stress score. Specific indirect effects of stress on BSCS via one of the proposed mediators (e.g., BIS-11) are defined as the product of the two unstandardized paths linking stress and BSCS via that mediator (e.g., a 1 b 1, with the subscript 1 representing BIS-11). The ab pathways represent the specific indirect effects of stress on BSCS score via the effects of BIS-11, BIS, and BAS scores. The total indirect effect of stress on BSCS is the sum of the specific indirect effects. The total effect of stress on BSCS is the sum of the direct effect of stress on BSCS scores and all of the specific indirect effects. The c pathway represents the total effect.
The c′ pathway represents the unstandardized path of the stress score on BSCS score with the effects of BIS-11, BIS, and BAS controlled. The c′ pathway is also called the direct effect of stress on BSCS score as it represents the effects of stress on self-control independent of BIS-11, BIS, and BAS. In the model, BSCS score was the dependent variable. To test the significance of the Indirect Effects of Stress Scale on BSCS score via BIS-11 impulsivity, BIS, and BAS, we employed the approach by Preacher and Hayes (2008) using the SPSS INDIRECT bootstrapping macro. As indirect effects do not meet normal assumptions for statistical analysis, bootstrapping was used to estimate the significance of the indirect effects. Bias corrected and accelerated 95% Confidence Intervals (CI) were computed using 10,000 bootstrapped re-samples for each indirect point estimate. CIs which do not contain a zero value indicate a significant effect. The k 2 statistic was used to denote effect size. The k 2 statistic is interpreted as the proportion of the maximum possible indirect effect that could have occurred, had the constituent effects been as large as the design and data permitted (Preacher & Kelley, 2011) .
Results
Demographics and mean scores on the scales for the sample are displayed in Table 1 . Women and men did not differ on age or years of education, although there were more women than men among African Americans and people characterized as "Other." Women and men scored similarly on all psychological measures except for BIS, with women having higher scores than men on this measure.
Correlations between measures
Among all participants, cumulative stress was related to self-control (r = −0.194, p b 0.01), and this relationship was observed among men (r = −0.211, p b 0.01) and women (r = −0.194, p b 0.01).
Mediation model involving the total sample
The results for the multiple mediation model examining the relationships between the CAI, BIS-11, BIS/BAS, and BSCS scores are presented in Table 2 
BIS-11 in the total sample
The relationship between cumulative stress and self-control was mediated by BIS-11 total impulsivity. Cumulative stress was positively associated with overall impulsivity [a = .78, t(561) = 3.90, p b .001] and overall impulsivity was significantly inversely associated with BSCS score [b = −.44, t(561) = −16.59, p b .001]. The specific indirect effect for cumulative stress total score on BSCS score via BIS-11 total score also was significant [a × b = − .34, Confidence Interval (CI) = −.53 to −.19] supporting a statistical mediation effect such that greater stress was associated with greater impulsivity, which was associated with lower scores on the BSCS. Taken together, these results suggest that the effects of cumulative stress on BSCS were mediated by total impulsivity. The effect size of the mediation by impulsivity was k 2 = 0.108.
BIS in the total sample
Behavioral inhibition did not mediate the relationship between cumulative stress and self-control. Cumulative stress was not associated with behavioral inhibition [a = .13, t(561) = 1.7, p = .09], although behavioral inhibition was significantly inversely associated with BSCS score [b = −.41, t(561) = −5.79, p b .001]. The specific indirect effect for cumulative stress total score on BSCS score via BIS was not significant [a × b = −.05, CI = −.12-.01], indicating that there was no statistical mediation effect by BIS of the relationship between cumulative stress and self-control. Taken together, these results suggest that the effects of cumulative stress on BSCS were not mediated by behavioral inhibition.
BAS in the total sample
Behavioral approach did not mediate the relationship between cumulative stress and self-control. Although cumulative stress was positively associated with behavioral inhibition [a = .22, t(561) = 2.1, p b .05], behavioral approach was not associated with BSCS score [b = −.08, t(561) = −1.5, p = .13]. The specific indirect effect for cumulative stress total score on BSCS score via BAS was not significant [a × b = −.02, CI = −.06-.004], indicating that there was no statistical mediation effect by BAS of the relationship between cumulative stress and self-control. Taken together, these results suggest that the effects of cumulative stress on BSCS were not mediated by behavioral approach.
Mediation model in men
The results for the multiple mediation model examining the relationship between the CAI, BIS-11, BIS/BAS, and BSCS scores in men are presented in Table 3 . The total effect of cumulative stress on self- 
BIS-11 in men
The relationship between cumulative stress and self-control was mediated by BIS-11 total impulsivity in men. Cumulative stress was positively associated with overall impulsivity [a = .94, t(242) = 3.05, p b .01] and overall impulsivity was significantly inversely associated with BSCS score [b = −.44, t(242) = −16.59, p b .001]. The specific indirect effect for cumulative stress total score on BSCS score via BIS-11 total score also was significant [a × b = − .33, Confidence Interval (CI) = − .61 to − .13] supporting a statistical mediation effect such that greater stress was associated with greater impulsivity, which was associated with lower scores on the BSCS. Taken together, these results suggest that the effects of cumulative stress on BSCS were mediated by total impulsivity in men. The effect size of the mediation by impulsivity was k 2 = 0.098.
BIS in men
Behavioral inhibition did not mediate the relationship between cumulative stress and self-control in men. Cumulative stress was not associated with behavioral inhibition [a = .02, t(242) = .14, p = .89], although behavioral inhibition was significantly inversely associated with BSCS score [b = −.76, t(242) = −6.85, p b .001]. The specific indirect effect for cumulative stress total score on BSCS score via BIS was not significant [a × b = − .01, CI = − .18-.15], indicating that there was no statistical mediation effect by BIS of the relationship between cumulative stress and self-control. Taken together, these results suggest that the effects of cumulative stress on BSCS were not mediated by behavioral inhibition in men.
BAS in men
Behavioral approach did not mediate the relationship between cumulative stress and self-control in men. Although cumulative stress was positively associated with behavioral approach [a = .36, t(242) = 2.32, p b .05], behavioral approach was not associated with BSCS score [b = − .11, t(242) = − 1.5, p = .14]. The specific indirect effect for cumulative stress total score on BSCS score via BAS was not significant [a × b = − .04, CI = − .15-.01], indicating that there was no statistical mediation effect by BAS of the relationship between cumulative stress and self-control. Taken together, these results suggest that the effects of cumulative stress on BSCS were not mediated by behavioral approach in men.
Mediation model in women
The results for the multiple mediation model examining the relationship between the CAI, BIS-11, BIS/BAS, and BSCS scores in women are presented in Table 3 
BIS-11 in women
The relationship between cumulative stress and self-control was mediated by BIS-11 total impulsivity in men. Cumulative stress was positively associated with overall impulsivity [a = .70, t(314) = 2.66, p b .01] and overall impulsivity was significantly inversely associated with BSCS score [b = −.48, t(314) = −13.41, p b .001]. The specific indirect effect for cumulative stress total score on BSCS score via BIS-11 total score also was significant [a × b = − .33, Confidence Interval (CI) = − .56 to − .11] supporting a statistical mediation effect such that greater stress was associated with greater impulsivity, which was associated with lower scores on the BSCS. Taken together, these results suggest that the effects of cumulative stress on BSCS were mediated by total impulsivity in women. Similar to the total sample, the effect size of the mediation by impulsivity was k 2 = 0.108.
BIS in women
Behavioral inhibition did not mediate the relationship between cumulative stress and self-control in men. Cumulative stress was not associated with behavioral inhibition [a = .14, t(314) = 1.51, p = .13], although behavioral inhibition was significantly inversely associated with BSCS score [b = −.29, t(314) = −2.89, p b .01]. The specific indirect effect for cumulative stress total score on BSCS score via BIS was not significant [a × b = −.04, CI = − .12-.003], indicating that there was no statistical mediation effect by BIS of the relationship between cumulative stress and self-control. Taken together, these results suggest that the effects of cumulative stress on BSCS were not mediated by behavioral inhibition in women.
BAS in women
Behavioral approach did not mediate the relationship between cumulative stress and self-control in women. Cumulative stress was not Table 3 Mediation of association of stress with self-control by impulsivity, BIS, and BAS.
Effect of IV on M (a)
Effect of M on DV (b) Total effect (c) D i r e c t e f f e c t ( c′) I n d i r e c t e f f e c t ( a × b) (95% CI) a = the unstandardized beta from the regression of the stress score on the proposed mediators; b = the unstandardized beta from the regression of the proposed mediators on selfcontrol, controlling for stress score; c = the unstandardized beta from the regression of stress on self-control (i.e., the total effect); c′ = the unstandardized beta from the regression of stress on self-control independent of the proposed mediators (i.e., the direct effect); IV = independent variable (i.e., cumulative stress); M = mediator (e.g., overall self-reported impulsivity, BIS, and BAS); DV = dependent variable (self-control). The total effect is the effect of the IV on the DV without including the mediators in the model. The direct effect is the effect of the IV on the DV, controlling for the effects of the mediators. The indirect effect is the effect of the IV on the DV via the mediator. ⁎ Denotes significance level of p b 0.05. ⁎⁎ Denotes significance level of p b 0.001. associated with behavioral approach [a = .11, t(314) = .81, p = .42], and behavioral approach was not associated with BSCS score [b = −.07, t(314) = −.97, p = .34]. The specific indirect effect for cumulative stress total score on BSCS score via BAS was not significant [a × b = − .01, CI = − .07-.01], indicating that there was no statistical mediation effect by BAS of the relationship between cumulative stress and self-control. Taken together, these results suggest that the effects of cumulative stress on BSCS were not mediated by behavioral approach in women.
Discussion
It was hypothesized that cumulative stress would be associated with decreased self-control, and that self-reported impulsivity and behavioral approach would mediate the relationship in women and men. There were several major findings. First, cumulative stress was associated with decreased self-control in both men and women. Second, selfreported impulsivity, but not behavioral inhibition or behavioral approach, mediated the relationship between cumulative stress and decreased self-control in the overall sample. Third, there were no gender-related differences in patterns of mediation. A discussion of each of the major findings follows.
To our knowledge, this is the first report of an association of decreased self-control with cumulative stress. This finding is consistent with research reporting effects of acute stress on self-control (Muraven & Baumeister, 2000) and effects of childhood stress on later self-control (Alloy et al., 2008; Eisenberg et al., 2007; Kempsill & Pratt, 2000; Wardell et al., 2011) . Low self-control is implicated in alcohol drinking and cigarette-smoking, two behaviors that are associated with stress (Ansell, Gu, Tuit, & Sinjha, 2012; Hamilton et al., 2013) . The results of this research are consonant with previous reports indicating statistical mediation by self-reported impulsivity of the association between cumulative stress and alcohol consumption (Fox, Bergquist, Gu, & Sinha, 2010) . It is possible that decreased self-control may be the mechanism by which stress increases substance use, although additional research would be needed to make this determination. Given the role of self-control in problematic behaviors including drug addiction (Volkow et al., 2013) , obesity (Brook et al., 2013; Volkow et al., 2013) , pathological gambling (Bergen et al., 2012; Slutske et al., 2012) , online gaming (Kim et al., 2008) , problem drinking (Visser et al., 2013) , and smoking (Wilson & Maclean, 2013) , strategies to diminish the detrimental effects of stress on self-control would be valuable for public health. Such strategies could include behavioral and pharmacological interventions to manage stress or to increase self-control.
Our second major finding is that BIS-11 total impulsivity, but not behavioral approach or inhibition, mediated the inverse relationship between cumulative stress and self-control in men and women. This is the first report in which the joint contributions of behavioral inhibition, behavioral approach, and impulsivity to the relationship between cumulative stress and self-control were examined in a mediation model. The relationship between cumulative stress and decreased self-control was influenced by an individual's level of impulsivity, and the effect size of this relationship was medium (Cohen, 1988; Preacher & Kelley, 2011) . In other words, stress was associated with impulsivity, and impulsivity was associated with decreased self-control. It is through this path that stress was associated with decreased self-control, which is evidenced by the finding that the association between stress and self-control was no longer significant after controlling for the indirect effect of impulsivity. Because impulsivity mediated the relationship between stress and reduced self-control, it follows that behavioral and pharmacological interventions to decrease impulsivity also may reduce the detrimental effects of stress on self-control.
One possible pharmacological intervention may target self-control on a molecular level. Several studies indicate that the 7-repeat allele of the Dopamine Receptor D4 (DRD4) gene may alter susceptibility to positive and negative environmental influences (Belsky & Pluess, 2009; Knafo, Israel, & Ebstein, 2011; Sheese, Voelker, Rothbart, & Posner, 2007) . This gene interacted with parenting quality to predict effortful control in four-year-old children, such that the association between parenting quality and effortful control was significant only for the children with the 7-repeat allele, but not for those without this allele (Sheese, Rothbart, Voelker, & Posner, 2012) . This gene also interacted with life stress to predict escalations in drug use in emerging adults, with the highest levels of drug use escalation occurring in those who reported high life stress and carried an allele of the DRD4 gene with 7 or more repeats (Brody et al., 2012) . Together these lines of research suggest that the presence of the DRD4 7-repeat allele in an individual may contribute to the relationship between environmental factors (such as stress) and self-control. Following from this research, a pharmacological intervention targeting the 7-repeat allele of the DRD4 gene may have implications for reducing associations of stress with decreased self-control. Additionally, previously reported associations of cumulative stress with decreased volume in brain regions including the ventromedial prefrontal cortex (Ansell, Rando, Tuit, Guarnaccia, & Sinha, 2012) suggest a potential neurobiological mechanism of the stress and self-control relationship for future study.
The hypothesis that there would be gender-related differences in patterns of mediation was not supported; impulsivity mediated the stress and self-control relationship to a similar degree in men and women, while behavioral approach and inhibition did not mediate the relationship in either men or women. The lack of gender-related differences is consonant with previous reports of no (Hamilton et al., 2012; Patton et al., 1995) or minimal (Cross et al., 2011) gender-related differences in impulsivity. The mediation of the stress and self-control association had a medium effect size in the total sample, as well as in men and women considered separately. The similarity of the effect sizes provides further support for the absence of gender-related differences in the mediation of the stress and self-control relationship.
Notably, a recent revision to the model of behavioral inhibition (Gray & McNaughton, 2000; Schmeichel et al., 2010) posits that the Behavioral Inhibition System (BIS) resolves conflicts between the behavioral approach system (BAS) and fight-flight-freeze system (FFFS), a system that mediates reactions to aversive stimuli. The original BIS and BAS models were used in the present research because it has been well-validated in community samples (Hamilton et al., 2012; Rahman, Xu, & Potenza, 2014) . However, the revised conflict resolution conceptualization of BIS also may relate to self-control. As such, future research should examine the relationship of self-control to alternative and revised models of behavioral inhibition.
It is important to note that mediation analyses cannot prove causation. Results of mediation analyses can provide support for or against hypotheses, but cannot prove them (Preacher & Hayes, 2008) . Overall these findings extend previous research that has established the effects of stress on self-control by examining statistical mediation models of stress, self-control, impulsivity, and behavioral approach and inhibition. These findings support the stress-vulnerability theory and emphasize the impact that cumulative stress and adversity may have on selfcontrol. The results of this research can be used to inform the development of treatment and prevention strategies focused on enhancing both stress management and self-control. Treatment and prevention strategies targeted toward impulsive individuals may be particularly valuable. This research emphasizes the importance of examining cumulative stress and adversity as experienced over the lifespan when examining temperamental constructs relevant to self-control. These findings do not preclude the examination of impulsivity, behavioral approach, or behavioral inhibition as moderators of the effects of stress on selfcontrol, nor do they preclude the reciprocal impact of decreased selfcontrol on individual differences in impulsivity, behavioral approach, and behavioral inhibition. Additional factors, such as genetic variations, were not examined in this model but may also contribute to decreased self-control.
An important limitation of the current findings is the cross-sectional nature of the sample. Potential causal mechanisms of change should be further studied in research with longitudinal designs to examine the indirect pathway by which cumulative stress may impact self-control. The current cross-sectional analysis provides additional evidence that history of cumulative adversity is directly and indirectly associated with decreased self-control. Future research should be conducted with a longitudinal design to assess the effects of cumulative stress, behavioral approach, and behavioral inhibition on self-control and real-world health risk behaviors. A second limitation of the present study is the use of the original conceptualization of behavioral inhibition, rather than the more recently revised model (J. A. Gray & McNaughton, 2000; Schmeichel et al., 2010) . Future research should examine the relation of self-control to alternative and revised models of behavioral inhibition.
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